In this paper we study the heteroclinic bifurcation in a general ratio-dependent predator-prey system. Based on the results of heteroclinic loop obtained in [J. Math. Biol. 43(2001): 221-246], we give parametric conditions of the existence of the heteroclinic loop analytically and describe the heteroclinic bifurcation surface in the parameter space, so as to answer further the open problem raised in [
Introduction
The investigation on the dynamics of predator-prey systems has a very important meaning in both biological area and mathematical area. Based on the Michaelis-Menten or Holling type II function p(x) = cxy/(x + m), as given in [11, 21] , in 1989 Arditi and Ginzburg [4] proposed a ratio-dependent predator-prey model where a, b, c, d, f, m are positive coefficients, x(t) and y(t) are the number of prey and the number of predator respectively at time t and p(x) = cxy/(x + my) is the predator functional response. This model can be stated roughly as that the per capital predator growth rate should be a function of the ratio of prey to predator abundance. Recently, many researchers (e.g. [6, 15, 18, 25] ) paid their attention to this model for the two merits ([2, 3, 5, 7] ) that it will not produce the paradox of biological control and the so-called paradox of enrichment and that it is capable of producing richer and more reasonable dynamics biologically, in comparison with prey-dependent models.
As in [4], the constants a, a/b, c, d, f, m are called respectively the prey intrinsic growth rate, carrying capacity of the prey, capturing rate, death rate of the predator, conversion rate and half saturation constant. With the change of variables x → (a/b)x, y → (a/mb)y, t → (m/c)t and the transformation of parameters α = ma/c, β = md/c, κ = mf/c, system (1.1) can be reduced to an equivalent form
In 1998 Y. Kuang and E. Beretta [18] discussed (1.1) for its global qualitative analysis. By divergency criterion, they showed that system (1.1) has no nontrivial positive periodic solutions if the positive equilibrium is asymptotically stable. They also gave sufficient conditions for each of the possible three equilibria to be globally asymptotically stable. In 2001 B.D.Aggarwala [1] discussed an equivalent form of (1.2), which was modeled in the epidemiology for the spread of HIV/AIDS in Canada. A numerical simulation and rough geometric analysis show some local situation of its orbits which go towards equilibria or infinity but the qualitative properties of degenerate equilibrium O are not given completely. More plentiful results on the degenerate equilibrium were obtained in [15] by using a transformation (i.e., a Briot-Bouquet's transformation [8] actually) to decompose the degenerate equilibrium O into two simple ones on the same x-axis as the equilibrium A lies on. By theorems [16] of existence and uniqueness of limit cycles, it was proved that a periodic solution exists only in the case that
where the equilibrium B is unstable, and that such a periodic solution must be unique and stable. Moreover, it was pointed out in [15] that a heteroclinic loop oa, formed by the equilibria O and A together with their joint separatries, may exist when the unstable manifold of saddle A(1, 0) happens to coincide with the orbit γ 0 which goes towards the degenerate equilibrium O(0, 0) in the direction of the polar angle θ = Arctan((κ − α − β)/(α + β − 1)). However, no bifurcation values of parameters were given for existence of the heteroclinic loop. [15] for the heteroclinic loop oa was also given in the case (HHK). F. Berezovskaya, G. Karev and R. Arditi [6] applied a developed approach together with methods of bifurcation theory to (1.2) and gave the complete qualitative analysis of its global dynamics, including Hopf bifurcations, limit cycles, properties of degenerate equilibria and properties of equilibria at infinity. Under condition (HHK) they used the continuity of the vector field to show the existence of a constant κ L between the
